The paper presents a framework for measuring spillovers resulting from local expenditure policies. We identify and test for two different types of expenditure spillovers: (i) "benefit spillovers," arising from the provision of local public goods, and (ii) "crowding spillovers," arising from the crowding of facilities by residents in neighboring jurisdictions. Benefit spillovers are accounted for by assuming that the representative resident enjoys the consumption of a local public good in both his own community and in those surrounding it. Crowding spillovers are included by considering that a locality's consumption level is influenced by the population living in the surrounding localities. We estimate a reaction function, with interactions between local governments occurring not only between expenditure levels, but also between neighbors' populations and expenditures. The equation is estimated using data on more than 2500 Spanish local governments for the year 1999. The results show that both types of spillovers are relevant.  2005 Elsevier Inc. All rights reserved.
Introduction
Expenditure spillovers are a widespread feature of many services provided by local governments. For example, commuters use roads, public transportation, and recreation and cultural facilities in their working communities. Air pollution controls and sewage treatment enhance the environmental quality of neighboring jurisdictions. Radio and TV broadcasts can be seen away on spending interactions is to consider that the representative resident obtains utility both from expenditure in the community of residence and in the neighborhood. This allows a reaction function for expenditure in one community vis-á-vis expenditure in other communities to be derived, which can be estimated after controlling for other variables (e.g., population, cost drivers and preferences in the community itself). However, although this strategy may be appropriate in the case of pure (non-rival) public goods, it may be not useful in the case of congestible services. In the case of commuting spillovers, for example, residents in one community enjoy services provided by others (e.g., roads, parks and other recreation facilities) but they simultaneously crowd these facilities. This second effect has not been taken into account in previous empirical analyses.
Therefore, following on from Conley and Dix [16] we shall differentiate between two types of expenditure spillovers: (i) "benefit spillovers," arising from the provision of local public goods, and (ii) "crowding spillovers," arising from the crowding of facilities by residents in neighboring jurisdictions. The introduction of crowding spillovers in the model has implications for the specification of the expenditure reaction function, since the neighbor's covariates (e.g., population, cost drivers) should now also be included in the equation. Failure to control for neighbor's covariates may result in false inferences. Given that the neighbor's expenditures and covariates might be correlated, the omission of these variables will result in biased estimates of expenditure interaction effects. It may also be interesting in itself to ascertain the effects of the neighbor's externalities on local spending, as the estimates may help to design 'needs-based' equalization grants (Bramley [10] ).
In short, the paper will estimate expenditure reaction functions, searching for interactions between expenditures of neighboring governments and for interactions between expenditures and other neighbors' covariates. The results will shed light on the strength and type of spillovers-"benefit spillovers" and "crowding spillovers." The equation will be estimated using data on twenty eight metropolitan areas and more than 2500 Spanish local government bodies for the year 1999. The remainder of the paper is organized into four sections. In the next section, we present the theoretical framework that allows us to account for the two types of spillovers and derive the empirical predictions. This is followed by a discussion of the estimation procedure and the data set used, and by a presentation of the results. Some concluding remarks are given in the final section.
Theoretical framework
Following on from Conley and Dix [16] , we identify two main types of expenditure spillovers. On the one hand, there are spillovers of local public goods, which occur when a fraction of the local public good produced in one jurisdiction is used by residents in surrounding jurisdictions, and is a perfect substitute for their own provision of public goods. Radio or TV broadcasting is a good example of this category, which we will henceforth name "benefit spillovers." There are also "crowding spillovers," which are not a consequence of the provision of public goods, but from the crowding of facilities by residents in neighboring jurisdictions. The crowding of museums and parks by commuters and other visitors is a typical example of this externality. If the good is congestible, both types of spillovers could appear at the same time. In the remainder of this section, we will develop a theoretical framework in order to differentiate the empirical predictions arising from the two different types of spillovers.
The nature of spillovers
For illustrative purposes, we assume that communities are located on a line, so that each has two neighbors, one on each side. We henceforth denote a community with i, and its left and right neighbors with i − 1 and i + 1, respectively. The neighbors of i − 1 will be i − 2 and i, and those of i + 1 will be i and i + 2, and so on, as shown in the following simple diagram:
"Benefit spillovers" are modeled by assuming that the public goods enjoyed by the representative resident in i (z i ) are the (weighted) sum of those provided by his community of residence (z i ) and by its neighbors. For the moment, we allow utility to be derived only from the services provided by first-order neighbors (z i−1 and z i+1 ). Thereforẽ
where θ is the weight of public goods provided by neighbors in the representative resident's consumption. We assume that θ is a constant and is equal across communities. We are therefore analyzing a symmetrical case, in which spillover flows are of the same magnitude regardless of their direction. 4 Once this assumption is made, it is also easy to accept that θ 1, which means that people tend to consume more public goods in their jurisdiction of residence than outside it. With congestion, the provision technology of the public good may be represented as:
where E i is expenditure, N i is the number of consumers of public goods and c i is a cost driver. The signs of the derivatives are clear-cut from the literature; we should expect z E > 0 and z c < 0, while z N = 0 in the case of a pure public good and z N < 0 in the case of a congested public good.
To derive some of our results we use a linear provision technology, so we assume that the second derivatives of this function are zero. Let us now suppose that the residents of a community visit each neighboring community to consume its public goods as well as consuming in their own community. These "crowding spillovers" may be accounted for by assuming that the number of consumers in i is a (weighted) sum of the population in i (N i ) and that of its neighbors. We consider only first-order neighbors (N i−1 and N i+1 ). Therefore
where δ is the weight of neighbors' population in the number of public good consumers. The number of consumers in the neighboring localities ( N i−1 and N i+1 ) is computed in a similar way.
As with θ , we assume that δ is a constant, is equal across communities and is lower than one. This means that the congestion introduced by a non-resident is lower than the one caused by a resident. The parameters θ and δ need not be equal (although the empirical evidence might show that they are indeed equal). We introduce these two parameters in order to analyze the effect of two different sources of externalities. These are "benefit spillovers," which occur when residents in one community obtain utility from the provision of public goods by other communities, and "crowding spillovers," which occur when residents in one community visit its neighbors and consume public goods therein. This specification allows for the simultaneous occurrence of both kinds of spillovers and also for the appearance of only one externality type. By substituting (3) in (2) and the result in (1), we obtainz i as a function of own expenditure, costs and population, one spatial lag of expenditure and costs, and two spatial lags of population:
The derivatives ofz i with respect each of these variables are:
There are two kinds of testable hypotheses that can be devised from these results: exclusion hypotheses and hypotheses on the size of the coefficients of different variables:
Exclusion hypotheses. Note that expression (4) holds when both types of spillovers matter (i.e., if θ > 0 and δ > 0). It is interesting to note, however, that when only "benefit spillovers" matter, neighbor's expenditure and costs affect the level of services, but second-order population does not. That is, if δ = 0 but θ > 0, we have:
When only "crowding externalities" matter neither the first-order neighbor's expenditure and costs nor the second-order population have an effect on the service level. That is, if θ = 0 but δ > 0, we have:
When neither "benefit spillovers" nor "crowding externalities" are relevant we are back to our basic specification of the service level
Note that expression (8) is nested in expression (7), expression (7) is nested in (6) , and (6) in (4) . By estimating this equation and testing simple exclusion hypotheses one may therefore be able to ascertain which kind of spillover (if any) matters.
Hypotheses on the size of the coefficients. Note from (5) that the effect of a variable (in absolute value) decreases with distance, provided that θ 1 and δ 1. That is, the effect of E i+1 (E i−1 ) is lower than that of E i , the effect of c i+1 (c i−1 ) is lower than that of c i , the effect of N i+2 (N i−2 ) is lower than that of N i+1 (N i−1 ) , and this latter effect is lower than that of N i . Moreover, θ coincides both with the ratio between the effects of E i+1 (E i−1 ) and E i , and with the ratio between the effects of c i+1 (c i−1 ) and c i :
And once θ is known, δ can be calculated as follows:
The problem with this testing methodology is that data on the level of service is not generally available to the researcher. A solution to this problem is to embed equation (4) in a fully specified model of expenditure determination. As we will see in the next section, the hypotheses presented in this section can also apply to this expenditure equation.
Local government expenditure
We assume that a representative resident of community i derives utility from the consumption of a composite private good (x i ) and the public service (z i ):
where b i is a preference shifter. The problem of the local government is to maximize the utility of the representative resident (11) subject to the technological constraint (4) and to the budget identity of the representative resident:
where y i is the exogenous income of the representative resident, G i is unconditional grants and other exogenous revenues of the local government, (E i − G i ) is tax revenues, and τ i is the share of taxes paid by this representative resident. By substituting (4) and (12) into (11), we obtain the indirect utility function
This function relates the level of utility to the expenditures on public goods made by community i(E i ) and its first-order neighbors (E Community i chooses E i to maximize V , taking the expenditures made by its neighbors as parametric. The F.O.C. for this problem is:
Implicit in expression (14) To be more precise, one must perform a comparative static analysis of (14) on the testable hypothesis regarding the sign of these variables. The impact on E i of the change in one of the variables coming from the provision technology (denoted by α) is given by the following expression:
where Ω = ∂Γ /∂E i is the S.O.C. and must be negative for a maximum. The sign of ∂E i /∂α therefore depends on that of ∂Γ /∂α. The expression of ∂Γ /∂α is obtained by totally differencing (14) :
The sign of this expression is crucial for the results of the comparative static analysis. This sign is clear-cut if we assume that the provision technology z(·) is linear. Then expression (16) reduces to:
where
In reaching (19) , the F.O.C. in (14) is used in order to eliminate ∂z i /∂E i in (17) . Note that φ < 0 when x is a normal good. This condition ensures that the MRS expression declines as x increases holding z fixed, which is required for x to rise with income. The key implication of (18) is that ∂E i /∂α has the sign opposite to that of ∂z i /∂α. For example, E i falls when E i+1 (E i−1 ) rises. This result is rather intuitive: the effect of E i+1 (E i−1 ) on E i should be negative in the case of a positive externality, indicating "free-rider" behavior. Another implication of expression (18) is that E i rises when Note also that, since the expression of ∂E i /∂α is that of ∂z i /∂α multiplied by a factor (i.e., by −τ i φ/Ω), the same hypotheses that were valid for the z(·) are equally valid for E(·):
Exclusion hypotheses. Note that expression (15) holds when both types of spillovers matter (i.e., if θ > 0 and δ > 0), but comparative statics suggest that when only "benefit spillovers" matter, δ = 0 and the coefficient on N i+2 will be zero. Then expression (15) becomes:
And when only "crowding spillovers" matter, θ = 0 and then the coefficients on E i+1 (E i−1 ), c i+1 (c i−1 ) and N i+2 (N i−2 ) will be zero. The coefficient on N i+1 (N i−1 ) will still be different from zero. In this case, expression (15) becomes:
Of course, if none of these types of spillovers matter, then θ = 0 and δ = 0, and we are back to a traditional expenditure equation, without any spatial effects (Borcheding and Deacon [6] ):
Note that expression (22) is nested in expression (21) , expression (21) is nested in (20) , and (20) in (15) . By estimating this equation and testing simple exclusion hypotheses one may therefore be able to ascertain which kind of spillover (if any) matters.
Hypotheses on the sign and size of the coefficients. There are three different kinds of hypotheses of this type that can be tested. First, there are some hypotheses that refer to the sign of the different variables. The results in (18) show that the sign of E i+1 (E i−1 ) should always be the opposite of that of N i+1 (N i−1 ), N i+2 (N i−2 ) and c i+1 (c i−1 ). This result derives from two facts: first, the effect of these variables on the level of service z (see the derivatives in (5)) is the opposite to the one of E i+1 (E i−1 ), and second, the sign of all the variables in the expenditure equation is the opposite to the one in the provision technology equation (as can be checked from (18)). Therefore, the validity of the "spillover" model rests not only on the sign of the expenditure interaction but also on the fact that the interaction with other neighbor's variables should be the opposite to the one obtained for the expenditure.
Second, there are the hypotheses related to the relative size of the parameters. Given the assumptions of θ < 1 and δ < 1, the effect of a variable in Eqs. (15), (20) and (21) decreases with distance. This means that the effect of N i+2 (N i−2 ) should be lower than that of N i+1 (N i−1 ) and the effect of c i+1 (c i−1 ) should be lower than the effect of c i . In fact, the ratio between the different lags of a variable provide information about the magnitude of the spillover. In Eq. (15), the ratio between the effects of c i+1 (c i−1 ) and c i provides an estimate of the "benefit spillover" parameter θ :
And once θ has been obtained, δ can also be identified from the effects of N i+1 (N i−1 ) and
Since we have assumed that both θ and δ are lower than one, a check of this condition will also provide a reliability test of our model's validity.
In Eq. (21), the ratio between the effects of c i+1 (c i−1 ) and c i also provides an estimate of the "benefit spillover" parameter θ . In this case, however, there is one additional hypothesis to test, since this ratio should be equal to the ratio between the effects of N i+1 (N i−1 ) and N i :
In Eq. (17), the ratio between the effects of N i+1 and N i provides an estimate of the "crowding externalities" parameter δ:
Third, note that the absolute size of the coefficients of the lagged variables increase with the size of the "spillover" parameters θ and δ. For example, it is clear that the coefficients of E i+1 (E i−1 ) and c i+1 (c i−1 ) grow with θ , and that the coefficients of N i+1 (N i−1 ) and N i+2 (N i−2 ) grow both with θ and δ. If one is able to break the sample of municipalities according to a given rule that identifies two groups of municipalities, one more sensible than the other to the effects of "spillovers," then one would expect higher coefficients for the neighbors' variables in the first group that in the second one.
The way to test our model will therefore consist of various steps. First, we will estimate the equations in (15) , (20) , (21) and (22) and will test the different exclusion hypotheses involved. Second, we will look at the sign of the different variables and check whether they correspond to those expected. Third, once the correct spillover model has been selected, we will check the robustness of the model with regard to the predictions on the relative magnitude of the parameters, and we will obtain estimates for the two spillover parameters in order to check that they are indeed lower than one. Finally, we will re-estimate our equations for several subsamples of local governments (i.e., rural and urban, suburbs and city centers), grouped according to the expected relevance of the spillover phenomenon.
Empirical evidence

Empirical model
The theoretically-derived equation in (15) is approximated by a linear relationship between spending and its determinants. In order to prevent problems of heteroscedasticity and multicollinearity, we used per capita spending instead of total spending. For the same reason, we used the ratio between first-and second-order neighbors' population and own population-instead of neighbors' population-and we substituted the tax-share τ i by the tax-price t i -computed as the product of the tax-share τ i and 1/N i -, including also the squared of the population in the equation. 5 Taking all these aspects into consideration, the estimated equation is:
where e i is per capita spending, We i is first-order neighbors' per capita spending, N i and N 2 i are the population and its squared, KN i /N i and K 2 N i /N i are the ratios between first-order and second-order neighbors' population and own population, c i is a cost variable and Wc i measures first-order neighbors' costs, t i is the tax-price, y i is per capita income, g i t i is the product of per capita grants (g i ) and the tax-price, 6 and b i are preference variables. W and K are J × J matrices that identify which are the first-order neighbors of each municipality, with J being the number of municipalities in the sample. The only difference between matrices W and K is that W is row standardized and K is not. This means that We i and Wc i should be interpreted as the average of per capita spending and costs, respectively, of the municipalities considered as first-order neighbors, while KN i is the sum (not the average) of the population of the municipalities considered as first-order neighbors. K 2 is a non-standardized J × J matrix identifying second-order neighbors', so K 2 N i is the sum of the population considered to be second-order neighbors. 7 Note that, since spending is expressed in per capita terms, it would have no sense to compute neighbors' spending as a sum of per capita spending of several municipalities. This argument does not apply to neighbors' population since, in this case, theory suggest that the magnitude of "crowding externalities" depends on the head count of the population living in the neighborhood. 5 Note that, after this transformation, the own population coefficients do not pick only the effect of population on the level of service (i.e., congestion effect) but also its effect on the tax bill. 6 Note that this is equivalent to multiply the overall amount of grants by the tax-share (g i t i = G i τ i ). 7 We delay to Section 4.2 the explanation of the way used to compute these matrices.
This slightly different specification does not alter the procedure presented in the previous section to test the exclusion hypotheses and the hypotheses regarding the sign of the variables. However, the hypotheses regarding the relationship between the size of the population parameters and distance cannot be tested directly, and a computation of the derivatives of E i with respect to N i , KN i and K 2 N i based on the results of (27) is needed.
Local governments in Spain
The hypotheses developed above will be tested using data on a cross-section of Spanish local governments. Spanish municipalities have spending responsibilities similar to those in other countries (e.g., water supply, refuse collection and treatment, street cleaning, lighting and paving, parks and recreation, traffic control and public transportation, social services, etc.) with the only exception of education, that is a responsibility of regional governments in Spain. Unfortunately, we did not have access to spending data for each service, so our analysis will be confined to overall spending, leaving detailed service analysis for future work.
Despite of this, we consider that Spain is a good testing ground for our theory, for three different reasons. First, the local layer of government in Spain is highly fragmented. Spain has more than 8000 municipalities, most of them quite small. This fragmentation is not only a rural phenomenon but also an urban one. For example, the metropolitan area of Barcelona (the second city of the country) has more than 100 municipalities. Second, in Spain there are not effective supra-municipal service provision bodies. Regional governments in Spain are quite active, but its geographical area is much bigger than the typical urban agglomeration, metropolitan governments are absent, 8 and voluntary agreements between municipalities are residual or quite ineffective. Third, these services are financed mainly from taxes and unconditional grants. User charges are also relevant, but they use to be much lower than provision costs in most services (e.g., cultural and sports facilities) or cannot be charged in others (e.g., parks). Moreover, tolls are practically inexistent and parking charges are still below the efficient levels. Unconditional grants do not compensate municipalities for the costs created by visitors, and there are very few matching grants that could be considered as an externality-correcting device.
Data and variables
Equation (27) will be estimated using data on 2610 Spanish municipalities during the year 1999. The budget data comes from a survey on municipal finances undertaken by the Ministry of Economics. Most municipalities with a size higher than 20,000 inhabitants are included in the survey. The survey selects a representative sample for municipalities below this population threshold. However, we had to exclude municipalities with less than 1000 inhabitants because of a lack of income and tax-price data.
The dependent variable is current spending per capita. Spending has been computed from data on municipal outlays, and includes data on wages and salaries, purchases and transfers. Apart from population, we also include a cost measure, personal income, tax-price, grants and preference variables in the equation. The cost variable (c) has been constructed by multiplying 8 The only remarkable attempt to build a metropolitan government occurred in the urban metropolitan area of Barcelona during the 80's (known as "Corporación Metropolitana de Barcelona"), but this institution was banned by a law of the regional government and its main responsibilities (water transportation and treatment, and public transportation) assigned to two different public agencies. average per capita spending in the sample and a cost index, computed from a set of variables that are available for our sample of municipalities and which have been used in previous analysis of local government costs in Spain (Solé-Ollé [34] , Bosch and Solé-Ollé [7] ): urbanized land area per capita (Land), wage rate in the service sector (Wage), unemployed (%Unemployed), non-EU immigrants (%Immigrants), 9 and an index of service responsibilities (Responsibilities). The variable Land accounts for the effects of urbanization patterns on costs. The variable Wage rate measures input costs. 10 The variables %Unemployed and %Immigrants measure the effects of density related to poverty and the harshness of the environment (Rothenberg [32] ). In order to compute the index of service responsibilities (Responsibilities) we used information on spending per head in the various expenditure programs for the municipalities of one of the main regions of the country (Catalunya). This information comes from a special survey carried out by a highertier of local government ("Diputación de Barcelona") in order to compute the amount of spending due, respectively, to compulsory and non-compulsory responsibilities. With this information we are able to compute the average expenditure per capita in the additional responsibilities that municipalities are obliged by law to provide when they surpass the 5000, 20,000 and 50,000 population thresholds. 11 All these variables have been aggregated into a single cost index using the coefficients obtained by Bosch and Solé-Ollé [7] for each of them as weights. 12 This procedure has the advantage of producing a more parsimonious equation to estimate, especially in the case of benefit spillovers, since all the cost variables (if entered alone) should be accompanied by the corresponding first-order neighbor's cost variables. 13 The tax-price measure (t i ) aims to reflect the high degree of tax exporting in the Spanish case. The three main municipal taxes in Spain are the property tax, the business tax and the motor vehicle tax. In the case of the property tax, the burden of the tax falls partly on non-residents who own houses in the municipality, and partly on the owners of business property. The degree of tax exporting of the business tax is even higher. In the case of companies, the full amount of the tax is probably exported, and in the case of individual owners (e.g., small shops) they can hardly be considered to be the median or representative voter of the municipality. Something similar happens with the motor vehicle tax, since the burden falls partly on the business sector (e.g., trucks, vans, car renting). To account for these tax-exporting possibilities, the tax-price is measured as the ratio between the tax bill of a representative resident in those three taxes and per capita tax revenues in the municipality. The tax bill of a representative resident is computed as the sum of the property tax per urban unit divided by the average size of an urban unit in the sample, and the motor vehicle tax per vehicle divided by the average number of vehicles per capita in the sample. Note that the business tax does not appear in the numerator; we assume that the representative resident is not a business owner. Variation in our tax-price measure is high, ranging from 0.2 to 0.8, which is due mostly to the fact that the business tax base is distributed very unevenly across municipalities. 14 The income variable (y i ) is personal income per capita in the municipality, since we have not been able to measure the income of the median voter. The variable that measures current grants per capita received by the municipality (g i ) includes the main unconditional transfer received from the central government ("Participación de los Municipios en los Ingresos del Estado") and other minor transfers. This variable has been multiplied by the tax-price (g i t i ). We include two variables in order to measure the resident's preferences for public goods (b i ): the shares of population older than 65 and younger than 18. 11 The increases in expenditure at these thresholds are of 6.5, 1.97 and 1.66 per cent, respectively, meaning that our responsibility index takes the value of 1 if the population is lower than 5000, the value of 1.065 if the population is higher than 5000 but lower than 20,000, the value of 1.085 if the population is higher than 20,000 but lower than 50,000, and the value of 1.101 if the population is higher than 50,000. 12 Bosch and Solé-Ollé [7] estimate a log-linear expenditure equation that allows for identification of the parameters of these variables in the cost function. Some of the variables are measured in logs, so the cost function is multiplicative:
The constant of the cost function can not be identified, so costs have to be measured in relative terms, with an index computed by multiplying the above expression by the population, dividing by the summation of the results across all the municipalities of the sample, and dividing again by the population share of the municipality. See Solé-Ollé [34] and Bosch and Solé-Ollé [7] . 13 However, this two-step procedure may also introduce some biases into the estimation. To check this possibility, we have also the extended version of the model, with each cost variable entering separately and including also the neighbors' variables. The results of both procedures are qualitatively similar, with all the cost variables having a positive impact on expenditure, but the standard errors are higher in the second one. These results are available from the author. 14 The measure of the tax price could be improved with information on the share of the property and vehicle taxes paid by the business sector. Unfortunately, this information is not available in our case. However, we feel that our measure captures a considerable proportion of the variation in the tax price that can be attributed to tax exporting.
Finally, we included a set of fifty provincial dummies in order to account for unobserved effects common to all the municipalities belonging to the same province. However, according to the results of a Wald test, these dummies were not jointly significant and we decided to drop them from the equation.
Econometric issues
In this section, we deal with the two main econometric problems that we encounter in the estimation of Eq. (27) : the definition of neighboring municipalities and the endogeneity of neighbors' expenditure in the benefit spillovers model.
The first econometric problem concerns the way the neighbors of a municipality are defined. Identification issues allow neither the inclusion of tax interactions for each pair of municipalities, nor of the average value of the sample. Instead, an 'a priori' set of interactions has to be defined and tested. However, as Anselin [1] notes, there is some arbitrariness in the definition of these interactions. It is wise therefore to rely, when this is possible, on insights derived from the theoretical model and on auxiliary evidence. Our model suggests that interactions are derived from expenditure spillovers. Moreover, given the nature of local public services, the channel of transmission of these spillovers is the mobility of residents, which depends heavily on the distance between municipalities. The theoretical model suggests also that the expenditure equation should include first-order neighbors' spending and costs, and first-and second-order neighbors' population. It is not clear, however, how these first-and second-order neighbors should be defined. In fact, we could have included second-order neighbors directly in Eqs. (1) and (3), which define how the benefit and crowding spillovers operate. In this case, the expenditure equation should include first-and second-order neighbors' spending and cost variables, and up to fourthorder neighbors' population. The conclusion is that the number of lags for the population always should be twice the number of lags for spending and cost variables.
This suggests that we have to decide which radius defines first-and second-order neighbors, and which number of lags should be included in each of the neighbors' definitions. Daily mobility patterns in Spain may help us to take these decisions. We know, for example, that in the metropolitan area of Barcelona (the second biggest city in Spain) people travel an average distance of 18.1 km. 15 Moreover, 81% of these journeys are of distances of less than 20 km and 92% are of distances of less than 30 km. As a result of this evidence, we decided to use only one lag and to define first-order neighbors as the municipalities located less than 30 km away, and second-order neighbors as the municipalities located between 30 and 60 km away. 16 In order to account for the fact that the effect of spillovers decays with distance inside this radius, we use inverse distance weights. The matrices K and K 2 of Eq. (27) have elements k ij and k 2,ij : 16 We also performed the analysis with radius of 20 and 40 km (instead of 30 and 60 km). We also performed the analysis with two of first-order neighbors (15 km and 15 to 30 km) and two of second-order neighbors (30 to 45 km, and 45 to 60 km). In all cases, the results were very similar to those presented in this paper and are available from the author.
ized, contrary to what is usual in the spatial econometrics literature (Anselin [1] ). The reason of this is that they are used only to compute neighbors' population and, according to the theory these variables should enter in the equation as the head count of the population residing in the neighborhood and not as the average of the population size of neighbor municipalities. The matrix W of Eq. (27) , used to compute first-order neighbor variables for per capita spending, is simply the matrix K row-standardized. The reason for row-standardization in this case is that it would have no-sense to compute the sum of several per capita spending or cost variables. That is, matrix W has elements w ij computed as:
otherwise. Note that the use of distance-based weights in the computation of both K and W has implications for the interpretation of the effects of spatially lagged population, since the effect of increasing the number of inhabitants in the a municipality on spending done in another one depends on the distance between these two municipalities. So, for example, the effect of an increase in the population of a first-order neighbor j and a second-order neighbor l on i's spending can be approximated by:
The second econometric problem refers to the endogeneity of We i in Eq. (27): expenditure in municipality i depends on expenditure in j , but expenditure in j also depends on expenditure in i. In order to obtain consistent estimates of the expenditure-interaction parameter, a simultaneous estimation procedure is therefore required. The available procedures are either maximum-likelihood (Anselin [1] ) or instrumental variables. I use the latter approach, following the practice of a number of papers in the policy-interactions literature (Besley and Case [5] ; Figlio et al. [18] ; Brett and Pinkse [11] ; Buettner [14] ; Baicker [4] ). As is standard in this literature, the instruments used will be some of the determinants of neighbors' expenditure: first-order neighbors' tax-price Wt i , personal income per capita Wy i , current grants Wg i t i , share of old population Wpo i , and share of young population Wpy i . 17 Since the first-order spatial lags sufficed to explain a considerable portion of neighbors' spending variation in the first-stage regression, 18 we decided not to use further spatial lags of these variables to prevent over-fitting bias (Staiger and Stock [36] ). Moreover, the results of the Sargan test suggested that these instruments are not correlated with the error term and are, therefore, valid.
Instrumental variable estimation has the added advantage of ensuring that the correlation in the level of spending is not due to common shocks, since IV estimates are consistent even in the presence of spatial error autocorrelation (as Kelejian and Prucha [25] demonstrate). However, in the case of spatially autocorrelated error terms (i.e., ε it = λWε it + u it ), estimates are no longer efficient. To check this possibility, I have used the Anselin and Kelejian [2] version of the 17 Note that neighbor's population and costs cannot be used as instruments since theory tells us that they should be included as explanatory variables in the expenditure equation. 18 The F -statistics on the statistical significance of the instruments in the first-stage equation are always higher than 20, which exceeds the rule-of-thumb of 10 suggested by Staiger and Stock [36] . So we must conclude that our instruments are not weak.
Moran's test, which is suitable for testing for spatial autocorrelation in the presence of endogenous regressors. I computed this statistic using both the W and W 2 weights matrices. Although it is not possible to rule out that there is some autocorrelation in the residuals in the expenditure equations without spatially lagged variables, this autocorrelation disappears in the different models that include either the spatially lagged dependent variable or the spatially lagged population. These results suggests that our IV results are both consistent and efficient and that more sophisticated procedures as the GMM method proposed by Kelejian and Prucha [25] will not improve them.
Results
The results of the estimation of the different models are presented in Tables 2 and 3 . Table 2 presents the results of the estimation of different specifications with the full sample of 2610 municipalities. The results of column (a) of Table 2 correspond to the No-spillovers model (expression (22)) and show that the different control variables introduced in the equation are able to account for a sizeable proportion of local spending variation (roughly 50%). Moreover, most of these variables are statistically significant and have the anticipated signs, with the proportion of young population being the sole exception to this rule. Local spending decreases and then increases with population. Local spending is higher as production costs increase, and the lower the tax-price, the higher the personal income and transfers received, and the lower the share of old population. All these results are consistent with previous analyses of local spending in Spain (Solé-Ollé [34] ; and Bosch and Solé-Ollé [7] ). However, it is unclear whether this is the appropriate model, since the results of the Moran tests suggest that there is spatial correlation in the error terms, both with the first-and second-order neighbors' matrices. This suggests a possible omission of spatially correlated variables and the need to test whether some of our spillover models are appropriate.
The results of columns (b) to (e) correspond to the Benefit + Crowding spillovers model. The OLS results of column (b) suggest positive interactions between the spending of neighboring municipalities and a positive effect of first-and second-order neighbors' populations, although these last two coefficients are not statistically significant. The effect of neighbors' costs, contrary to our expectations, is negative and not statistically significant. Things do not improve when secondorder neighbors' spending and costs and third-order populations are added (column (c)), meaning that the problem does not seem to lie in the appropriate distance decay for these variables. When we re-estimate by Instrumental Variables, the results greatly improve-see the results of column (d) and note that we still obtain statistically significant spending interactions, although the sign is now negative. The results of the Sargan test at the bottom of the table suggest that the instruments we have used in the estimation are valid. 19 Moreover, the neighbors' cost index now has a positive and significant effect on spending, as suggested by our theoretical model. The results of column (e) tell us that while second-order neighbors' population does have an effect on spending, this is not true of second-order spending and costs, and of third-order neighbors' 19 Given the high magnitude of the OLS bias implied by change in the sign of the interaction, we wondered if these results were driven by any of the instruments we used. To check this possibility we re-estimated by IV excluding the instruments one-by-one and using a "differences-in-Sargan" statistic (Hayashi [24] ) to test for the validity of each instrument. This statistic has been computed as the difference of the Sargan statistics of the equations excluding and including the suspicious instrument, and is distributed as a χ 2 (K) with K = loss of over-identifying restrictions. All the instruments were valid and the results obtained when excluding one of them were not qualitatively different. Notes.
(1) t -statistics are shown in brackets; (2) * , * * and * * * = significantly different from zero at the 90%, 95% and 99% levels. populations. Note that these results are fully consistent with the exclusion hypotheses presented in the theoretical section. In order to check the robustness of these results we show in columns (f) to (h) the estimation of three alternative specifications. The results shown in column (f) correspond to the Benefit spillovers model (expression (20) ). The only difference of this specification is the exclusion of (1) θ computed using expression (23); δ computed using expression (24) for all the samples to the exception of City centers; for City centers, δ computed using expression (26) . (2) The derivatives of spending with respect the different variables used to compute θ and δ use sample-specific values for the estimated coefficients and for the different variables involved. (3) z-values distributed as a N(0, 1) and computed as the ratio between the value of the coefficient and its standard error; standard errors computed using the formula for the variance of provided in Rao [31] . (4) * , * * and * * * = significantly different from zero at the 90%, 95% and 99% levels.
the second-order neighbor's populations. The OLS results are omitted to save space. The IV results are similar to the previous ones (see column (d)), with the relevant coefficients of the same sign and magnitude. However, the explanatory capacity of the model drops a little bit and the t-statistic clearly suggests that second-order neighbor's populations cannot be excluded from the equation. The results in column (h) correspond to the Crowding externalities model (expression (21)). The only differences between this specification and the full model (column (d)) is the exclusion of neighbor's spending and costs. The results are quite similar to those of the full model, with first-and second-order neighbor's populations having a positive and significant impact on spending. However, the results suggest that also in this case is not possible to exclude neighbor's spending and costs. Finally, column (h) shows the results of the Spending Interactions model. This specification does not correspond to any of the equations developed in the theoretical section. However, we have decided to show the results of this equation to allow the comparison of its performance with the other equations estimated, given that this is the specification used in previous studies (e.g., Case et al. [15] and Baicker [4] ). We also omit here the OLS results and go directly to the IV ones, that show that the neighbor's spending coefficient is no longer statistically significant, while the OLS results (not included here) showed a positive and significant coefficient (as in the other OLS results with neighbor's spending included in Table 2 ). Note also that the Moran's I statistic suggest both first-and second-order residual spatial correlation. Therefore, we should conclude that the Spending Interactions model is not the appropriate one. The check on exclusion constraints presented in the previous section thus suggests that the correct model for including the effects of spillovers is the Benefit + Crowding spillovers model, which accounts simultaneously for spending interactions and for the effects on local spending of first-order neighbors' costs and first-and second-order neighbors' populations. We can check the robustness of the results by analyzing the additional hypothesis regarding the sign and the relative size of the coefficients developed in the previous section. First, note that, as expected, the sign of the neighbors' spending is negative while that of the neighbors' cost index is positive. Second, the effect of the own cost variable is much higher than the effect of neighbors' costs, as the model suggested. Moreover, we could use expression (28) to compute the derivatives of E i with respect to first-and second-order neighbor's population. Since these derivatives are, however, contingent on the distance, we compute them at different distances (i.e, 1, 7.5, 15 and 30 km) using the mean sample values of the different variables involved. 20 The values we get for ∂E i /∂N j are 20.38 (1 km), 7.44 (7.5 km), 5.26 (15 km) and 3.72 (30 km) and the value we get for ∂E i /∂N l at 30 km is 1.016. Note that by construction, the effect of first-order population is decreasing in distance. In any case, however, the effect of first-order population at 30 km is three to four times the effect of second-order population at this distance.
Finally, we can use expressions (23) and (24) to compute the Benefit and Crowding spillovers parameters, respectively. In this case, these parameters take the values of θ = 0.33 and δ = 0.059 and are statistically significant at the 95% level (see Table 4 for a summary of the values of these parameters for different samples). 21 Spillovers therefore not only seem to be relevant, but they are also sizeable. One Euro of local spending provides the same utility to a typical resident as 20 The values used for the parameters of expression (28) are: α 1 = 0.213 (see Table 2 ), β = 1/7.82 (with an average distance between municipalities of 10.1 km and an average number of 36 neighbors per municipality), e j = 326 (see Table 1 ), N i /N j = 2, 134, α 4 = 1.433 and α 5 = 1.016. 21 Standard errors have been computed using the formula for the variance provided in Theorem (ii) of Chapter (vi) of Rao [31] three Euro of neighbors' spending, and an additional non-resident living 30 km away leads to the quality of public services in the locality decreasing less than ten times less than an additional resident would. Table 3 presents the results obtained when breaking the sample into Urban and Non-Urban municipalities, and when considering the Suburbs and the City centers separately. There are two intuitions behind this analysis. The first intuition is that if spillovers arise because of the daily mobility of citizens between municipalities, they should be more pronounced in large urban areas, where mobility is also more relevant. The second intuition is that in urban areas, Benefit spillovers may be more prevalent in the Suburbs, and Crowding externalitiess may be more important in City centers. This is because City centers are much bigger than Suburbs and play a prominent role as employment and administrative centers. City centers therefore usually experience a net inflow of population while Suburbs usually experience (on average) a net outflow. It is therefore to be expected that residents in the Suburbs tend to benefit more from the services provided in other localities than City center residents and, at the same time, we can expect also that the services in the City centers are more crowded by non-residents than the services in the Suburbs.
To test these hypotheses, we divided our sample into Urban and Non-Urban areas. In line with previous analyses, urban municipalities were defined as those located less than 35 km from a city center with more than 100,000 inhabitants (Solé-Ollé and Viladecans [35] ). Using this procedure, we are able to identify 36 large urban areas that contain 1259 Suburbs and 36 City centers. We therefore have 1315 Non-Urban and 1295 Urban municipalities. The results of Table 3 show important differences between Urban and Non-Urban municipalities. The results for the Urban municipalities (columns (a) and (b)) are similar to those presented for the full sample (see Table 2), since both Benefit and Crowding spillovers matter. However, the size of the coefficients for the neighbor's variables is now bigger than before, suggesting that spillovers are of a higher magnitude. This intuition is confirmed by the identification of the two spillover parameters, since we found that θ = 0.67 and δ = 0.24. These coefficients are statistically significant at the 95% level (see Table 4 ). It should be remembered that these parameters were 0.33 and 0.059 for the full sample. The results for the Non-Urban municipalities (columns (c) and (d)) are similar, but the size of the neighbors' coefficients is lower and some of them are not statistically significant (second-order population) or only statistically significant at the 90% level (first-order neighbors' spending and costs). The value of the spillover coefficients is now much lower, since we found that θ = 0.14 and δ = 0.04, but these coefficients are not statistically significant at conventional levels (see Table 4 ). We can conclude, therefore, that spillovers are more relevant in Urban than in Non-Urban areas, as expected.
The results of Table 3 also show significant important differences between Suburbs and City centers. The results for the Suburbs (columns (e) and (f)) are virtually the same as for the full sample of Urban municipalities. The results for the City centers are different. Both first-order neighbors' spending and costs are not statistically significant, suggesting that Benefit spillovers are not present, and that only Crowding externalities are relevant. The fact that second-order neighbors' populations have a positive and statistically significant effect does not necessarily contradict this statement, since it may simply mean that the distance decay function may be different for City centers than for Suburbs. The identification of spillover coefficients confirms these conclusions. For the Suburbs, we found that θ = 0.69 and δ = 0.27 while for City centers, we found that θ = 0 and δ = 0.46. 22 The coefficients are statistically significant at the 95% level for Suburbs but in the case of City centers only the δ coefficient is statistically significant at the 90% (see Table 4 ). These results confirm our expectations. We admit, however, that the results for City centers should be taken with caution, given the small number of observations involved and the lower explanatory power of the expenditure equation.
Conclusion
The simple model sketched in this paper allowed us to test for the presence of spillovers, confirming that this is a relevant problem in Spain, and that this problem is more acute in Urban areas than in the rest of the country. The model allowed us to differentiate between different types of spillovers. We showed that two different kinds of spillovers (Benefit spillovers and Crowding externalities) should be taken into account in this kind of analysis. Failure to account for one of these types of spillovers leads false inferences being drawn, suggesting either that spillovers are present when they are not or that they are not relevant when they are. Both kinds of spillovers are important in the Suburbs but only one type (Crowding externalities) is relevant in City centers. The model also allowed us to obtain an estimate of the size of each type of spillovers. These results suggest that spillovers are not only present but also are of a considerable magnitude, especially in Urban areas. The magnitude of the inefficiencies (and inequities) associated with these spillovers should therefore be a concern for policy-makers.
However, we have to admit that the approach used in the paper may have at least two fundamental weakness that merit some further comments. First, it can be argued that the expenditure interactions generated by the model may also arise as a result of alternative behavioral models. For example, as Brueckner [12] points out, interactions between local governments may also be predicted by the standard tax competition model (Brueckner and Saavedra [13] ). Note however that, although the model has not been designed to provide a test against other competing hypotheses, it provides a set of predictions that must be fulfilled by the empirical results in order to accept the spillover story is plausible. These hypotheses refer not only to the statistical significance of spatially lagged expenditure, as in previous analyses (Case et al. [15] ), but also to the inclusion of other neighbors' covariates, and to the sign and size of the coefficients of the different variables. Moreover, household fiscal mobility is not seen as a tight constraint on the operation of local governments in Spain. This is the result of the limited scope of Spanish local governments, which do not provide the services that cause the mobility experienced in other countries (e.g., education in the US).
Second, one may wonder to what extent the fiscal interactions identified are driven by the operation of matching grants, user charges, or any other fiscal instruments designed to deal with the externalities, instead of being the result of the reaction of local governments to the spillover's problem. But as we have argued in Section 4.2, Spanish local governments make little use of most of the instruments that use to be recommended to internalize these externalities. And, in any case, if these instruments where used effectively we should observe no interactions between the fiscal choices of neighboring municipalities. Note that, instead of this, we have found evidence of sizeable spillovers. If externality-correcting instruments were present but not fully effective, then the estimated magnitude of the spillovers obtained in the paper should be considered a lower bound of its real value. 22 Given that θ = 0, in this case we made use of expression (26) to identify δ, using the expression ∂E i /∂N i = (α 2 N i − 2α 3 N 2 i ) + e i .
Therefore, although we acknowledge that further efforts to explicitly test our hypothesis against competing ones are necessary, we therefore consider that the results provided in this paper show some preliminary evidence in favor of our model.
